1. Introduction
===============

Diabetes is a major public health concern. It was reported that about 347 million people worldwide were suffering from diabetes in 2008. The incidence of diabetes would rapidly increase and almost double by 2030.^\[[@R1]\]^ The faster increase (about 50%) in the near future would occur in developing counties.^\[[@R1]\]^ As the largest developing country, China has the largest number of individuals with diabetes in the world. More than 90% of diabetic patients suffer from type 2 diabetes mellitus (T2DM).^\[[@R2]\]^ In 2014, the prevalence of T2DM was estimated at 9.32% among Chinese population aged 18 to 79 years, representing an estimated 96.3 million people.^\[[@R3]\]^

T2DM is a long-term metabolic disorder that is characterized by high blood sugar, insulin resistance (IR), and relative lack of insulin. IR is a primary pathogenic feature of T2DM and an independent risk factor for cardiovascular disease (CVD).^\[[@R4],[@R5]\]^ It is known that endocrine disruptors play an important part in the incidence of metabolic diseases. The pancreatic beta-cell is a target of estrogens,^\[[@R6]\]^ which plays an important role in blood glucose homeostasis. 17β-estradiol (E2) levels above or below the physiological range may promote IR and type 2 diabetes. Serum testosterone levels have also been studied in populations of men attending hospital-based diabetes clinics, with estimates that 30% to 50% of men with T2DM have low testosterone.^\[[@R7]\]^ All these indicated the association between sex steroids and glucose metabolism. Therefore, understanding the mechanisms through which IR evolves is critical for improving strategies in the prevention and treatment of diabetic.

IR has long been associated with obesity and the disorder of lipids and hormones.^\[[@R8]--[@R10]\]^ However, few studies have comprehensively collected and analyzed the clinical data from a single hospital to assess the associations of various clinical parameters in T2DM patients. Here, we performed a cross-sectional study of the comparison between disturbed lipid metabolism and the sexual hormone state in healthy people, patients with impaired glucose, and diabetic patients in China. Hence, the aim of the study was to investigate the association of IR with lipid metabolism and sexual hormone at different glucose states among T2DM, prediabetic patients, and normal control people to offer new insights into the treatment of diabetes.

2. Methods
==========

A total of 13,400 patients were enrolled at Beijing Health Center from January 2016 to August 2016 in China. A standard questionnaire was used to collect information about the health status, medication history, and lifestyles of participants. Each subject signed an agreement of participation in this study that was approved by the ethics committee of the Beijing Hospital.

The cross-sectional data from healthy subjects have no diabetes. Depending on blood glucose levels, patients were divided into 3 groups: control group with normal blood glucose levels, impaired glucose tolerance (IGT) group, and diabetes group. After oral glucose tolerance test (OGTT), the glucose tolerance data were obtained; meanwhile, the basic clinical indicators, such as body fat rate, sex hormones, urinary protein, thyroid function, were determined. During physical examinations, the height, weight, and BMI of all the participants were measured. High-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride (TG), total triiodothyronine 3 (TT3), and total thyroxine 4 (TT4) were measured by colorimetric enzymatic assays using an autoanalyzer (Hitachi 7170). Fasting insulin, fasting blood glucose, luteinizing hormone (LH), progesterone, prolactin, testosterone, estradiol, and follicle stimulating hormone (FSH) levels were measured. IR was estimated by using the homeostasis model assessment of IR (HOMA-IR) (FINS (uIU/mL) × FBG (mmol/L)/22.5).

2.1. Statistical analysis
-------------------------

Normally distributed variables were expressed as mean ± standard deviation, while variables with a skewed distribution were expressed as medians, along with the upper and lower quartiles. Two-tailed results with *P* \< .05 were considered statistically significant. Multiple liner analysis was used to analysis the correlations between parameters and IR in groups at different ages and gender. All statistical analyses were performed with SPSS 17.0 software (SPSS Inc, Chicago, IL) and Graph Pad Prism software 7.0.

3. Results
==========

In total 13,400 were analyzed in the study excluding those who have missing data. Based on the results of the glucose tolerance test, 10,908 participants (81.4%) with normal blood glucose were grouped into control, 1203 participants (9.0%) into IGT group, and 1289 (9.6%) into diabetes group.

3.1. Clinical characteristics of the groups
-------------------------------------------

Clinical characteristics of 13,400 participants are shown in Table [1](#T1){ref-type="table"}. The mean age and BMI of the participants were 49.50 ± 9.69 years old and 25.24 ± 3.46 kg/m^2^. The fasting blood glucose level in the diabetic group was increased by 43.9% compared with the control group (Fig. [1](#F1){ref-type="fig"}A). Compared with the control group, the levels of fasting insulin and 2 hours postprandial insulin in the IGT group were increased by 34.24% and 21.54%, respectively. The low-density lipoprotein levels in all the 3 groups were not significantly different (data not shown). However, the levels of high-density lipoprotein in diabetic patients compared with IGT patients were significantly decreased (Fig. [1](#F1){ref-type="fig"}B and C). Strikingly, the levels of luteinizing hormone, progesterone, estradiol, follicle stimulating, and prolactin in both the diabetic and IGT groups are lower than that in the control group (Fig. 2A--D). However, testosterone levels in diabetic and IGT patients were respectively higher than those in the control group (Fig. [2](#F2){ref-type="fig"}D). To investigate what factors will affect the IR index of the people with IGT or normal glucose tolerance, we performed a further regression analysis to see the association between these parameters and IR (Tables [2](#T2){ref-type="table"}--[6](#T6){ref-type="table"}) in general and in different groups based on age and gender. Notably, we found that in general BMI (*P* \< .05), body fat percentage (*P* = .044), HbA1c (*P* \< .05), LDL (*P* \< .05), cholesterol (CHOL) (*P* \< .05), TG (*P* \< .05), HDL (*P* \< .05), ALT (*P* \< .05), progesterone (*P* = .022), testosterone (*P* \< .05), TT4 (*P* = .006), free triiodothyronine 3 (FT3) (*P* \< .05), free thyroxine 4 (FT4) (*P* \< .05) are associated with IR. For women with IGT under 40, body fat percentage (*P* = .016), HbA1c (*P* \< .05), ALT (*P* \< .05), LDL (*P* = .031), TPOAb (*P* = .025) are associated with IR. For women in IGT older than 40, HbA1c (*P* \< .05), ALT (*P* \< .05), FT4 (*P* = .004) are associated with IR. For men in IGT under 40, HbA1c (*P* = .024), TG (*P* = .012), ALT (*P* = .010) are associated with IR.

###### 

Clinical characteristics of 13,400 participants.
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![Comparisons of blood biochemistry tests among 3 groups. A, Two hours postprandial blood glucose. B, Alanine aminotransferase (ALT). C, High-density of lipoprotein.](medi-96-e7378-g002){#F1}

![Comparisons of hormone levels among 3 groups. A, Luteinizing hormone. B, Follicle stimulating progesterone. C, Prolactin. D, Testosterone.](medi-96-e7378-g003){#F2}

###### 

Multiple linear regression analysis showed that BMI, body fat percentage, HbA1c, LDL, CHOL, TG, HDL, ALT, progesterone, testosterone, TT4, FT3, and FT4 are significantly associated with IR.
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###### 

Multiple linear regression analysis showed that for women with IGT under 40, Body fat percentage, HbA1c, ALT, LDL, and TPOAb are significantly associated with IR.
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###### 

Multiple linear regression analysis showed that for women in IGT older than 40, HbA1c, ALT, and FT4 are significantly associated with IR.
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###### 

Multiple linear regression analysis showed that for men in IGT under 40, HbA1c, TG, and ALT are significantly associated with IR.
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###### 

Multiple linear regression analysis showed that for men in IGT more than 40, BMI, HbA1c, LDL, CHOL, TG, ALT, progesterone,TT4, and FT4 are significantly associated with IR.

![](medi-96-e7378-g008)

For men in IGT more than 40, BMI (*P* = .041), HbA1c (*P* \< .05), LDL (*P* = .007), CHOL (*P* = .005), TG (*P* = .002), ALT (*P* = .005), progesterone (*P* = .038), TT4 (*P* = .003), FT4 (*P* \< .05) are associated with IR.

3.2. Insulin, HbA1c, and HOMA-IR increased in both IGT and diabetes groups
--------------------------------------------------------------------------

The levels of hemoglobin A1c (HbA1c) in both IGT and diabetes groups were significantly higher than those in control group (Fig. [3](#F3){ref-type="fig"}A). The homeostatic model assessment (HOMA) is a method used to quantify IR and β-cell function, thus, to be an IR index. Significantly, the HMOMA-IR in the diabetes and IGT groups were 62.08% and 46.99% higher than that in control group (Fig. [3](#F3){ref-type="fig"}B).
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3.3. Analysis of IR and abnormal lipid metabolism in T2DM and IGT groups
------------------------------------------------------------------------

The total amount of fatty substances, CHOL and TG in diabetes and IGT groups were higher than that in control group (Fig. [4](#F4){ref-type="fig"}). TG in diabetes and IGT groups showed a 34.71% and 25.12% increase, respectively, compared with control group (Fig. [4](#F4){ref-type="fig"}B). However, HDL in diabetic and IGT groups had a 14.10% and 6.40% decrease, respectively, compared with control group (Fig. [4](#F4){ref-type="fig"}C). The results indicated that IR and abnormal lipid metabolism appeared only in IGT and diabetes groups. Significantly, compared with control group, IGT and diabetes groups showed higher TT3, TT4, FT3, and FT4 levels (which is in accordance with the lipid level), indicating the disturbance in the metabolic state (Fig. [5](#F5){ref-type="fig"}).
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3.4. Metabolism disorder is associated with sex hormone disorders in T2DM and IGT patients
------------------------------------------------------------------------------------------

It was reported that levels of plasma testerone were significantly lower in men with diabetics than in man without diabetics. Sex hormone-binding globulin (SHBG) gene polymorphisms may cause a high risk of T2DM through its impact on testosterone and estradiol levels. A prospective cohort study^\[[@R11]\]^ also demonstrated that higher SHBG and lower calculated free testosterone (cFT) levels were risk factors for all causes of mortality in men with type 2 diabetes mellitus, which could be influenced by the SHBG, a carrier protein of testosterone. Both progesterone and estradiol levels were significantly decreased in diabetes mellitus and IGT patients compared with normal control participants (Figs. [2](#F2){ref-type="fig"} and [6](#F6){ref-type="fig"}). Progesterone levels decreased around 55.84% and 53.74%, respectively, in diabetes and IGT groups. Estradiol levels decreased around 39.70% and 42.62% in diabetes and IGT groups, respectively.
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4. Discussion
=============

IR is closely associated with diabetes mellitus, thus, the homeostatic model assessment was accounted for IR (HOMA-IR), which is a function of the product of fasting insulin and glucose levels.^\[[@R12]\]^ We used levels of fasting insulin, 2 hours postprandial insulin, and HOMA-IR to estimate IR in all the participants. HbA1c and fasting blood glucose were also used to evaluate the state of glucose metabolism. Patients with insulin resistance require increasing levels of insulin to maintain normal glucose levels and are likely to progress to type 2 diabetes mellitus.^\[[@R13]\]^ The IGT group consists of prediabetic patients. In our study, we observed significantly higher blood glucose and hyperinsulinemia in both T2DM and IGT patients compared with the normal control group, indicating that disorder of glucose metabolism occurred in the T2DM and prediabetic patients.

A common feature of type 2 diabetes is the dysregulation of lipid metabolism. In our study, we found that diabetes mellitus patients and prediabetic patients with IGT showed significantly increasing amounts of fatty substances, CHOL, and TG with, however, a dramatically decreasing amount of HDL compared with normal control people. This indicates that the association of IR and abnormal lipid metabolism occurred in T2DM and prediabetic patients.

One effect of insulin resistance is enhanced glucose output from the liver. In contrast, triglyceride synthesis and very-low-density lipoproteins (VLDL) release are enhanced. The intracellular accumulation of lipids triggers activation of novel protein kinases C with subsequent impairments in insulin signaling. In the liver, insulin normally stimulates glucose uptake, glucose oxidation, and glycogen synthesis; suppresses gluconeogenesis; and stimulates triglyceride synthesis and secretion via VLDLs.^\[[@R14]\]^ And conversely, studies reported that reduction of free fatty acid (FFA) levels represented a selective target for modulating insulin resistance.^\[[@R15]\]^

We also found that the levels of TT3, TT4, FT3, and FT4 in T2DM and IGT patients were significantly higher than those in normal control people. This indicated that disturbance of the lipid metabolism status occurred in T2DM and IGT patients, since the levels of TT3, TT4, FT3, and FT4 were in accordance with lipid levels in patients.

Several groups of researchers have studied the association between sex hormone and glucose metabolism. These studies have divided subjects by genders, and showed that testosterone was a protective factor for men while estradiol was a protective factor for women in type 2 diabetic patients.^\[[@R10]\]^ It has also been reported that testosterone levels were lower in men with metabolic syndrome and type 2 diabetes mellitus, and the report also predicted the onset of this adverse metabolic status.^\[[@R16]\]^ Several animal models were used to investigate the mechanism.^\[[@R17]\]^ The study showed that SHBG gene polymorphisms could be the cause of high risk factors in T2DM patients through their impact on testosterone and estradiol levels.^\[[@R14]\]^ A prospective cohort study also demonstrated that higher levels of SHBG and lower levels of cFT were risk factors in the main cause of mortality in men with type 2 diabetes mellitus. This could be influenced by the SHBG, which is the carrier protein of testosterone.^\[[@R18]\]^

Our results showed both progesterone and estradiol were significantly decreased in T2DM and IGT patients, which is consistent with the results in previous studies.^\[[@R5],[@R11]\]^ Meanwhile, Baradaran et al^\[[@R19]\]^ found an inverse correlation between serum estradiol concentration and carotid atherosclerosis by using ultrasonography to evaluate the intimamedia thickness (IMT) in men with type 2 diabetes mellitus.

Whether hormone replacement therapy (HRT) could decrease the effects of insulin resistance? Different studies have resulted in different conclusions. Fukui et al^\[[@R20]\]^ showed that estrogen and progesteron could decrease insulin sensitivity, while studies from other groups showed that there was no influence on the insulin sensitivity.^\[[@R21],[@R22]\]^ The population, type, and route of administration of the hormone therapy, as well as the method used for measuring insulin sensitivity, may explain the controversial results of estrogen replacement on glucose metabolism. Bitoska et al^\[[@R23]\]^ studied 40 women in natural menopause with type 2 diabetes. They showed that HRT can decrease HOMA-IR, fasting plasma glucose (FPG), and insulinemia in type 2 diabetes.^\[[@R23]\]^ This indicates that HRT is associated with a statistically significant increase of insulin sensitivity. To better understand the association between sex hormone, insulin resistance, and glucose homeostasis in diabetic patients, larger clinical prospective trials would be needed. The study of lipid-lowering, hypoglycemic drug sensitivities of patients with different levels of sex hormones could be a follow-up study.

Abbreviations: ALT = alanine aminotransferase, BMI = body mass index, cFT = calculated free testosterone, CHOL = cholesterol, CVD = cardiovascular disease, FBG = fasting blood glucose, FFA = free fatty acid, FINS = fasting insulin, FPG = fasting plasma glucose, FSH = follicle stimulating hormone, HbA1c = hemoglobin A1c, HDL = high-density lipoprotein, HOMA = homeostatic model assessment, HOMA-IR = homeostasis model assessment of insulin resistance, HRT = hormone replacement therapy, IGT = impaired glucose tolerance, IMT = intima-media thickness, IR = insulin resistance, LDL = low-density lipoprotein, LH = luteinizing hormone, OGTT = oral glucose tolerance test, SHBG = sex hormone-binding globulin, T2DM = type 2 diabetes mellitus, TG = triglyceride, TGAb = thyroglobulin antibody, TPOAb = thyroid peroxidase antibody, TSH = thyroid stimulating hormone, TT3 = total triiodothyronine 3, TT4 = total thyroxine 4, VLDL = very-low-density lipoproteins.
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